As shown in the preceding paper, it is possible to obtain submerged, diffuse growth of strains of BCG, by cultivating them for 8 days at 37°C. in a liquid medium containing the wetting agent Tween 80 and the soluble fraction of heated human serum. A high percentage of the organisms present in these cultures can survive prolonged periods of storage at ice box and incubator temperatures (1).
Guinea pigs weighing approximately 300 gin. were injected subcutaneously (in the groin) or intracutaneously with various dilutions in 0.1 per cent albumin of a culture of BCG grown in the liquid medium containing Tween 80 and the soluble fraction of heated human serum.
The number of viable units in the culture was determined by plating serial dilutions of 
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Tuberculin test it on oleic acid-bovine albumin agar (3, 4) . Five to 6 weeks later, the animals were tested for sensitivity to tuberculin by the injection of either old tuberculin or PPD (Sharp & Dohme) (Table I) .
It is apparent from the results presented in Table I that guinea pigs can be sensitized to tuberculin by the injection--either subcutaneous or intracutaneous---of less than 100 viable BCG units. Moreover the tuberculin reactions elicited by the injection of either O.T. or PPD 6 weeks after vaccination were approximately of the same intensity with all doses of vaccine except with those containing very few viable units.
Local Lesions Produced by BCG.--As will be pointed out in a later section of this report (see Table IV ), the intracutaneous injection of 0.05 cc. of BCG cultures grown in the Tween-serum filtrate medium resulted in lesions larger than those produced by the intracutaneous injection of 0.05 cc. of a BCG vaccine prepared by the standard technique (5) . An experiment was instituted to test whether this difference was due to a greater intrinsic virulence of the former * Both substrains subcultured in Tween-serum filtrate medium; the numbers of viable units reported here are within the range of errors of the enumeration technique as used in this experiment.
Diameter in millimeters of the red nodule at the infection site 7 days after injection; examination for ulcers made 14 days after injection.
cultures, or to the fact that they contained more viable organisms than the standard vaccine.
The two substrains of BCG (i.e. the one carried for 2 years in our laboratory in Tweenbovine albumin medium, and one supplied for this particular experiment in the form of a sample of standard vaccine by Dr. Aronson) were inoculated into the liquid medium conmining Tween and human serum filtrate. After 8 days' incubation at 37°C., 0.05 cc. of serial tenfold dilutions of each subculture was inoculated intracutaneously into two guinea pigs, one series of dilutions on either side. The sizes of the resulting lesions, observed 1 week and 2 weeks after inoculation, are recorded in Table IL The results presented in Table II show that the culture of the BCG strain maintained for 2 years in the Tween-bovine albumin medium and the culture recovered from a new sample of standard BCG vaccine, produced lesions of indistinguishable severity when comparable dilutions of growths in Tweenserum-filtrate medium were injected intracutaneously into normal guinea pigs.
Antigenic Respome of Guinea Pigs to Vaccination with Various Preparations
of BCG.--The following experiment was designed to determine the effect of storage at 4°C. on the antigenic efficacy in guinea pigs of cultures of BCG which had grown diffusely in a liquid medium containing Tween 80 and a filtrate of heated human serum. A BCG vaccine prepared by the conventional technique, and used within 48 hours after its preparation, served as a standard of reference3
Half the guinea pigs used in this experiment were 4 to 5 months old and had weights of the order of 500 gm. at the beginning of the experiment; the others were 2½ to 3 months old and weighed approximately 300 gm. Equal numbers of animals of the two age groups were assigned by random selection to each of the experimental groups. Vaccination with the bacterial suspensions (or uninoculated medium in the control animals) was administered on March 15, 1949. It consisted of two simultaneous intracutaneous inoculations, one over each shoulder, each of 0.05 cc. of the standard vaccine, or undiluted culture, or uninoculated medium.
A tuberculin test was made on April 26, 6 weeks after vaccination, 0.0005 mg. tuberculin PPD (Sharp and Dohme) being used for the vaccinated animals and 0.005 rag. for the controis.
The challenge infection was carried out on May 6th by injecting subcutaneously over the sternum 0.1 cc. of an undiluted culture in Tween-bovine albumin medium, of virulent human tubercle bacilli of the Amerzanga strain; s the inoculum contained 13 million viable bacterial units (single cell or small clumps). Some of the guinea pigs which had received the BCG vaccines were kept uninfected to serve as controls on the virulence of the vaccines.
At weekly intervals from the beginning of the experiment, all animals were weighed on a spring balance, weights being read to the nearest 5 gm. They were inspected at the same time to detect the occurrence and measure the extent of the local skin lesions produced by the injections of BCG and, later, of virulent tubercle bacilli. The size of the axillary and inguinal lymph nodes was also estimated by palpation. Necropsies were performed as soon as possible after death on all animals that died during the course of the experiment, and sections of the liver, spleen, and lungs were made and stained with hematoxylin and eosin, and by the ZiehlNeelsen technique. The experiment was concluded on July 15, approximately 10 weeks after infection with the virulent tubercle bacilli. Ten of the sixteen unvaccinated animals had already died, and the survivors of all groups were killed with chloroform and necropsied during the next 4 days. Sections were made of lesions not obviously tuberculous, as well as of the lungs, liver, and spleen of all animals that had received only BCG vaccine (groups IB and liB).
The details of the subdivision of guinea pigs into several groups are shown in Table III, and some of the results of the vaccination and challenge infection in Table IV. Thirteen animals died between commencement of the experiment on March 3 and its completion on July 14. Ten of these were non-immunized infected animals (group V), and they all died of tuberculosis, as did No. 3-55 of group IA 600-700 2 X 10 " " * Animals arranged in order of decreasing spleen aze. :~ The two figures given under "Weight" refer to the weight of the animal at the beginning of the experiment (just before vaccination with BCG) and at the end.
§ The data presented in this table refer only to macroscopic findings. The expression "few" lesions indicates that less than 10 isolated lesions were seen on macroscopic examination. "Many" lesions indicates more than 10.
11 C = caseafion. Only evidence of macroscopic caseation was recorded. ¶ Non-specific death. The results of the various procedures carried out in the course of the experiment can be briefly summarized as follows:-In all animals which had received the standard BCG vaccine (groups IA and IB) the slight local ulcer observed at the site of vaccination had healed by March 23, 1 week after the injection of the vaccine. At this time there were left only small hard red lumps between 3 and 5 mm. in diameter. These persisted until April 6 and all had completely disappeared by April 20. All animals which had received the fresh BCG culture grown in Tween-serum filtrate medium (groups IIA and IIB) exhibited lesions exceeding 10 mm. in diameter and reaching up to 15 mm. The lesions were in general slightly smaller in animals vaccinated with the culture stored for 3 or 6 weeks (groups III and IV).
All animals of groups IIA, IIB, III, and IV (i.e. those receiving the Tween cultures fresh or stored) exhibited on March 30 an ulcer which was found to be healed on April 13 (in only one animal of group IIB did the ulcer remain open until April 20). It is clear therefore that the local lesions developing from the intracutaneous injection of BCG were considerably larger, and persisted much longer, in the animals receiving the cultures grown in the medium containing Tween and filtrate of heated serum than in the animals receiving the standard vaccine. It may be inferred from the results of the experiment described earlier in this paper, in which two guinea pigs were inoculated with various doses of subcultures, in the same fluid medium, of the two substrains of BCG that this difference was due principally to the larger number of viable organisms in the Tween-serum filtrate cultures.
All vaccinated animals exhibited intense tuberculin allergy when tested on April 26; while the control animals (group V) failed to react to a 0.005 mg. PPD. The severity of the tuberculin reaction was almost identical in all vaccinated groups, whether it was measured in terms of the average diameter of the erythematous area (varying from 10 X 12 mm. to 20 X 20 mm.), or by the proportion of animals which showed the "cocarde" or triple response, consisting of a livid center, an inner white zone, and an outer erythematous area.
A large mass, at first hard but later becoming fluctuant, developed at the site of the challenge infection in all animals. Ulceration of this abscess occurred much earlier in the vaccinated than in the non-vaccinated animals (Table V) ; amongst the vaccinated guinea pigs those of group IV, which had received the BCG culture stored for 6 weeks in the refrigerator, developed ulcers somewhat later than those of the other groups.
The response of the guinea pigs to inoculation with virulent tubercle bacilli is given in Table IV . The animals within each group are tabulated in order of decreasing spleen size as this was considered the most objective single index of the intensity of the infection. At the conclusion of the experiment all the unvaccinated animals had either died of tuberculosis or showed severe tuber-culous lesions of the liver, spleen, and lungs. All animals which had received BCG but no challenge infection were gaining weight and in none of them were tuberculous lesions found by macroscopic or microscopic examination. Among the vaccinated animals the only death from tuberculosis occurred in group IA, ~ which had received the standard vaccine, but many other animals of this group appeared to be less severely diseased than animals of the other vaccinated groups. It is obvious that the severity of the disease varied so much from one animal to the other within each group and that there was so much overlapping from one vaccinated group to the other, that the differences observed had no significance. It is of particular interest to point out that no significant difference could be detected between the animals of groups IIA, III, and IV. In each group there were two or three guinea pigs that were losing weight and that had extensive lesions of the spleen and lungs, and moderately severe lesions of the liver. The balance of the animals in each group showed lesions of varied but minor severity, some exhibiting only three or four nodules in a spleen of normal size with no macroscopic lesions in the other internal organs.
DISCUSSION
Some of the findings described in the present paper provide information concerning the lack of pathogenicity of the BCG cultures grown in the medium containing Tween and the soluble fraction of heated human serum. It is true that the intracutaneous injection of 0.05 cc. of culture grown in Tween-serum filtrate medium resulted in the appearance of local lesions more severe than those produced by 0.05 cc. of standard vaccine. In order to evaluate the significance of this difference however, it must be kept in mind that the numbers of viable bacterial units (determined by plate counts) were much greater in the Tween culture (approximately 107 per cc.) than in the standard vaccine (10 ~ per cc.). When the two BCG substrains were cultured in the same medium it was found that the intracutaneous injection into normal guinea pigs of doses containing similar numbers of viable units, produced lesions indistinguishable in size and severity. This finding strongly suggests that the bacterial cells which had grown diffusely in Tween-serum filtrate medium had retained the same intrinsic degree of "attenuation" as those present in the vaccine prepared by the standard technique. It illustrates furthermore the fallacy of expressing in terms of units of volume or weight the doses of a living vaccinating agent in the absence of knowledge of its viability or physiological activity.
Although many more living organisms (approximately 100 times as many) were present in the Tween-serum filtrate cultures than in the standard vaccine, and although the former preparations produced larger lesions than the latter at the site of the intracutaneous injection, the intensity of tuberculin sensitization induced was essentially the same in the four groups of animals vaccinated with the four different preparations mentioned in Table III . Here again, experiments carried out with known numbers of viable bacterial units provide a clue for the analysis of these findings. The data presented in Table I reveal that a definite degree of sensitization could be achieved by the injection of doses of BCG culture containing fewer than 100 viable bacterial units. Moreover the intensity of the sensitivity to tuberculin, measured 6 weeks after vaccination, reached an apparent maximum with a vaccinating dose containing 4000 viable units; even an increase many hundredfold in the number of viable units injected for vaccination failed to bring about a detectable increase in the intensity of the sensitivity to tuberculin. It is clear therefore that the design of the experiment outlined in Table III did not permit a comparison of the efficacy of the different preparations used as vaccines, since the numbers of viable units in all these preparations were far greater than the minimal number required for inducing the maximum level of tuberculin allergy detectable by the technique employed.
It is generally accepted that vaccination with BCG results in a definite degree of multiplication of the bacilli in viro and it is probably for this reason that the degree of tuberculin allergy was relatively independent of the vaccinating dose in the experiment under consideration. Freund has established that amounts of heat-killed tubercle bacilli of the order of 0.1 to 0.003 mg. resuspended in mineral oil are required in order to induce an appreciable degree of tuberculin allergy in guinea pigs; the same dose of heat-killed bacilli in aqueous media would fail to sensitize (6) . 5 The amount of bacillary material represented by these weights is many millions of times larger than the weight of living cells of BCG (in aqueous media) which was found adequate to produce maximal sensitization in the present experiment. It appears almost certain, therefore, that the degrees of allergy recorded in the present paper could not be attributed to the mass of bacillary material present in the vaccinating dose but reflect rather an extensive multiplication of the bacilli in vivo.
One may assume also that the protection against infection induced in the guinea pigs of groups IA, IIA, III, and IV (Table IV) was the outcome of the multiplication of the vaccinating inoculum in vivo. No statistically significant difference could be recognized in the degrees of resistance exhibited by the different groups of vaccinated animals. All had caseous lesions at the site of inoculation (although the ulcer healed rapidly in some of them), and all had enlarged axillary lymph nodes which were usually caseous. In all groups a few guinea pigs exhibited severe tuberculous lesions of the liver, spleen, and lungs while the lesions in most other individuals were confined to a few large nodules in the spleen and small foci in the lungs and liver. Each group also contained some animals in which the only macroscopic lesions of the internal organs were a few foci in the spleen, which itself was not enlarged.
It must be emphasized, however, that differences in the resistance to infection may have existed but could not be brought out under the conditions of the experiment. Indeed, the technique used in the challenge infection test (subcutaneous infection) was not adequate for the measurement and analysis of resistance to infection as it did not lend itself to a clear differentiation between allergy and antibacterial immunity. The allergic reaction elicited by the introduction of the virulent bacilli probably caused a walling off, or even a shedding, of a significant percentage of the infective inoculum thereby decreasing the effective challenge dose. It is possible, indeed likely, that marked differences in the degree of resistance to infection in the four groups of vaccinated animals could have been brought about by changing certain of the possible variables in the experiment :--the amount of vaccine used, the size of the challenge dose, the time elapsed between vaccination and challenge infection, the route of infection, etc.
The experimental results described in this and the preceding paper do not allow therefore a comparison of the antigenic efficacy--either as sensitizing or as immunizing agents--of the four different BCG preparations used for vaccination. They permit one only to state that the culture grown in the Tweenserum filtrate medium compares well qualitatively with the vaccines prepared by the conventional technique and from the quantitative point of view, may even present definite advantages over the latter. The content in viable cells of 5 Dr. Freund informs us that a limited, but definite degree of tuberculin allergy can be induced in some guinea pigs by amounts of heat-killed bacilli of the order of 0.001 mg. and even one-tenth this amount resuspended in oil.
the Tween-serum filtrate culture is extremely high as shown by colony counts and by the ability of minute amounts of culture to sensitize guinea pigs to tuberculin. Moreover, the number of viable cells is predictable and remains remarkably constant even after prolonged periods of incubation or of storage. This stability should greatly facilitate the planning of vaccination experiments and the analysi s of their results.
Other minor advantages of the dispersed cultures deserve perhaps some brief mention, namely the rapidity with which they can be obtained, the fact that they require for their preparation only standard bacteriological techniques, the elimination of the transfer operations and of the necessity of grinding the bacterial growth before distribution of the final product, their stability in the very medium in which they are grown, which allows ample time for the performance of the control tests required of biological products. Nevertheless, it is obvious that the technique of cultivation of BCG described in these reports should be regarded at present only as experimental procedure; it constitutes merely a demonstration that, by adequate cultural methods, one can obtain suspensions of BCG organisms exhibiting stable physiological and antigenic activity.
SUMMARY
Groups of guinea pigs were vaccinated by the intracutaneous route with cultures of BCG grown in a liquid medium containing Tween 80 and the soluble fraction of heated human serum. After the cultures had been stored at 4°C. for various periods of time, the antigenic response was compared with that of another group of guinea pigs receiving standard BCG vaccine prepared by the conventional technique.
The local lesions occurring at the site of injection of cultures in Tween-serum filtrate medium were more severe than those produced by the standard vaccine. It was shown that this difference was probably due to the much larger number of viable bacilli in the former preparations. A marked degree of sensitization could be produced with culture dilutions containing as few as 10 viable units (single bacilli or small clumps). Slightly larger doses of BCG led to the highest degree of tuberculin allergy detectable by the technique employed. Further increases in the dose of vaccine failed to alter the level of sensibility when the animals were tested with tuberculin 5 weeks after vaccination.
The same degree of sensitization was achieved by vaccination with 0.1 cc. of either the standard vaccine or any of the fresh or stored cultures in Tweenserum filtrate medium. It was shown that these doses contained numbers of living bacilli far greater than the minimal number required to induce maximal sensitization.
Under the conditions used, the guinea pigs vaccinated with cultures of BCG (fresh or stored) grown in the Tween-serum filtrate medium exhibited a marked degree of resistance to subcutaneous infection with virulent tubercle bacilli.
